= =
[ [

SRR R P N
Journal of the Korean Society
for Nondestructive Testing
Vol. 18 No. 2 (1998)

ulsked el olg Ut B BARS) RuEe Wsk hdF

AEx
ARG 7) AT
2 o Ua 7 HgARd RuEes Wrlasl 9% AR wHy BEe Adsth AL wEe
23S BATPEE AW & e o B9 AR 9% WNAEE S42 Az @ & gz A
EEE olg o233 27 F viAe dA ¥5pgel AT Mori-Tanaka Bl 728 IEE

A mdo] AjEe] gt oldd H2 WS SiC 9A BA Al 71A (SiG/AD A H&3Aet o

WHoZ WA FIEEd vy A AL F YAT. 253 SFEC] FIEE Hrld vA=

dFE =dAen, £F FET gPEY ArEs 7)8eH ddo] B AR &2 e, o] F Y F
FIEES 24T F A PHE AAE

1. M2 o AH Yol AgHs] dAHE T4 Ame
A% AHH ANE A Aole] Fary A

2HEgARY AN 42 3 vATRd o o Basty o= Yol 4, VAEse BE n4
3 2 Qe Wi 53 94 2 BAY W RS, BT R a)ere FI 449 A
£ 2ads wARES e 49 @ U AT S AR umoﬂé} JEE AHg

# BRAE RE Bdokgoh} xz sl H2Y 4 Ut A8 W %AF ¥ A

oz AzdEd, AZAAAA QA Bl A ANEES 2AR GAGH TAE AFImEA
AP EP WATZY te 22 SHez o vAe nAA FIRES 44T F AW 24X

Ztel A BEZE X¥E 5 don, 54 AF o W= TR Fddd B8 LY JRE
o F4E& H7elyl A uAy Hde F42 A & gk,

©d) Fastez vaad Yoz o9 2 Yzt £ =2odAe 9A B EFAGA ArdEE
EdARY nAT2E 2 + vk < Z%%kﬂr ool F&ate vAYE 2l oFg

Az 2 BgAgdA vy @yl Age Atole} mAo) 71xste] B FIEE AAL
HEHo2 EdAsY A nAgrt 54 A A% bdF PHE ANSAT AdE B A
olo] FAAAE Tae Aol BAol FFIAG Y 2 Zgtutel= dA (SIiC) BA 4FUE (AD 5%
ol#g AT W/l AFHY WEorA BFHAF Ao B EE Aol H&aHTh & ATl AHE
543 284 VAR Aol @A d@ o] 23 T EdAE BEOFLR AzxHALW 2124, 6061
A ATE A AUT v A AYPe) wA TR 27091 Al Frael 0-30 % A YRR BAHY

(A4 :1997. 11. 26)
- 112 -



SEEEREE R

itk Mori-Tanaka #¥%¢] 7128 24 234 =
Ae A4 oy AEEE vAdsHoz A
Baion, ¥ Aol A4 SIC/Al B@A ol
B GAAT A3e dFHor ALHADY. o
AR Sl 458 dAe) #ulpge A4 23
e 4% olvlel FL IAT B3oH, I&
SHEF 22 F7HE Aol RuEE AHd vl
= P dsiME =9t 7Ty dFL B

AT A EASFYY. FEF 7ol ujA|gE 7

A3 283 £ FRP08RE YR 27 EdAs
o] RHEES AAY $ d& o] AAFHY

oo

2. 0IEH uiH

BAURe 22 HgAELE BEdae ANA A
o FFE MG 42 Wy Axe 7A AR
o] 44, FIEE, vAIEE (RY, BF 2 27)
o FEHEZ FESEE AL Hskd mAg
g RS Abgstd Hzdth A AEe A7) A
EoA BEA AANY H4ALE FE AEE @A
os FAET 84 Axx A4 Alolde 4F
F FAgo] dom? HAEE e 93t VA
g el AHES Aag w2y sAT A £
A &4 Ao 4 st

o8 RHle EX¥e A uATR EAL
aFstEEn B dxte] RuEE A4lbe] o] 43}
€ d Y ArMe 24 BEgARE nyse A
R dME 42 BAAe BIEELE vE v
Aot 24 dAE BhAlEA BRegol R god
1A A ddsA AgH vk MR Ec #E
Ae 14 HABE x), xp, 2 XA B34 )
9 YA F& FBE x'), ¥’y X322 eI
Bae] BFe BxIF P(4,0,0)2 YERH 4,
¢,0 = Euler 4ot}

21. 24 S8 7% ¥EE

T4 FAARR wEd 24 EAA B
A BRAE BPYe 2u FASA BEHo
Aok ezt Al dEAdaLE AA
A 7Y ANFY Zx H7E 2A4g 9 AxF
AL Yehdt EgAe fE AEE & pE
G=rH'2 A9, g dedEY Ay e U

Bz

Btk H7F ZAC 538 A4S, $51 AEES
T3y Yed e BEdEo B PF FEE H
¢ gog TFaid Hr) ol EFL 9sld B9
4 A ZF A4 (physical concentration factor)& =Y
& & glom o] AFE FI7) At g2 24}
dyjo] Aets)gle). €8 5% Mori-Tanaka '#3°
oA Azzagste AAEY JT B+ Hs o
2 A 7N AEE ¥E B3P A4 9 9
A= @Y MAEZ ZALHE T Mori-Tanaka HHH
3} AAgE Az oE 57 AANE d97g
AHgatel Jeong'¥e o] WY BIXE e YR
B7E 2 fE AEE AL gL g
aih

K1 _ Vp(ﬂ_ 1)<t11>
_.Um —1+—-——-———-———-—1_Vp+vp<tn> ........................... (1)
My Vp(ﬁ_ 1)<t22>
_ﬂm _1+——1—vp+vp<t22> ........................... 2)
H33 _ Vp(B‘ 1)<t33>
_.__/lm _1+——~—1—Vp+vp<t33> ........................... 3

A7 g AN AREE ey, gx
BAAL 1A dE AR Mg, vE BAA
9] RyEgolt} <>& Euler FHAM 7t &
T W] g BHEFE UEbdT <oE g
o2 AoEn

f6=”f00:2”f()¢=2” tP(¢.6,¢)sinfdd6 d¢ do

=== =t oo
fo fo fo P(¢,6,9)sinfdédé de

A71A P(d,0,0)8 B7F U] wIR¥ g4
ot} te H{%%% 4 (59 WA ygozRyg
¥+ 9lon,

B = T T T K eeveeeererersseensent et 5)
A71M myE F& FHE X P 1F AW
o W dol. ¢ WA gre

B EANA G FAHE FEHE 2h=rP

=1 B DI e, 6)

- 113 -



M)A wpgel o) UA 28 BeARe) RuEe Wb ohaR

G714 se BAEANA 9 Eshelby ®1A Syaot
AN AZE Zhe 24 dAMold. T4 71XA 9
39 s’lM e e5dAY ¥ a, az as (@ >az> as)
o} 4oty

AEE £3E Hsld 948 A7 B&EXE A}
faglomg AR & YA o ek
ggel "Ack HAE A FBBAE FI
9istel olg Edold A U x;-xa X1-Xs
x2-x390A Z}Zte] W AEEE @ UL A3
© 7 AL e JeydozRH FIAT ¥
& JFF <t>7F Fursr SHkdolgn AAREE 2

d

Az ANA Zdz I9g 3PS #en
x3 WES 544 dAdFHeE oW x-x @2
T84 deol Hu, WY T4 AxEE oy
Zo| "t}
Hi-z =L 1 Hy =i- ..................... (7)
Hm 2\ ttm  m Hm
Mo Hamy 1 ﬁu+ﬂ_33) ................... @)
Hm Bm 2\ Mm  #m

A4 M3 @)L A& A 7127 =He, &
Ao AXNY AERg 74 de B, 2P,
PlAITE BT ABAd Fold BgAed dist
o 7% 4AL d=Foy A FAHorAH
TE AT VEEH 543 g-dE Adss
TR E4E Fate 2R £ den, uAg
3 olgoR RUFE £ sivh AAHez 4 (D),
@& =R dxxe vx9 Yz FIEE v,
g AANIEE, e AEE £ Ao 9
Zoll didatn wAS vl dtd EW dd 2
A7olME hEHdX e FH A= 24 g mo
& AHgstrh

Vol. 18, No. 2 (19%)

3. AlE % AF
3.1, AlH

Agel A-EE AHE 2124, 6061 2 7091 Al ¥
Fol 0-30%9 SiC YA (SiCHE nZAd 3% 2§
AE2AN 22 ofgn ¢& FRoZ AzAQ.
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Table 1. Microstructural features of SiC, reinforced
Al matrix composite extrusions

Base |Billet Volu'me Primary Vol'ume fracn.on Porosity
Allov | Number fraction of Intermetallic of intermetallics %)

- SiCu(%) (%)
2124 | PE-2600 0 CuAl, 7412} 0
2124 |PE-3025 20 CuAly 76 0
2124 | PE-2404 25 CuAl» 44128 0
2124 |PE-2229 % CuAls 100£39 0
2124 | PE-2488 30 CuAly 67%37 14+18
6061 | PE-2045 0 MgsSi 52122 0
6061 | PE-2047 20 Mg:Si 155+48 0
6061 | PE~2099 25 Mg:Si 29+22 0
6061 | PE-2731 30 MgsSi 12421 26+23
7091 | PE-2730 0 MgZne 69126
7091 | PE-2711 10 MgZne 69+28 05+09
7091 | PE-2712 20 MgZny 44126
7091 | PE-2713 30 MgZn: 32%11 | 2%2.
7091 | PE-2665 30 MgZm 69%28 16£14

SiCed] H# A= 2-4pm, B FPHE 26-
32 ok FIED Dol FE x - W (FEE)
A SIC,S B ¥uF F2H waEly x - x9
#F xe-x3 BAAME o F22 Z2A Sold 2%L B
A H&o] SiC9 WEe x -xp Hola Ao A
g3alm olF AL 99 SiCt €& W (x)oR
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Fig. 1. Eddy current measurement results illustrating
the anisotropic conductive behavior in the
7091 Al/SIC, composite system
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olr}. SiC, A9 W ExE e ¥ g5
(orientation distribution function) P(¢,8,¢)l 9
8 A" 94 g4A SiC, dAEY A& ¢
E9x -x)0l W3 BAF (F, EW Yol F
o g A g=x/201}. thgeE Zx
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(4,9)=constant7} AT} oj¢} ZL& WIRIHF
o] AMgo R BEAe AXNA J4L& gEHe] T
A wel w4 S9WA (transversely isotropic)©l

A,

Table 2. Conductivities and conductivity ratios used
in the theoretical calculations

Material Conductivity Conductivity ratio
(% IACS) g

Al Alioys 33-50

SiCy 1.82%10° - 0.086

CuAls 22.7 3.64x10™ - 0.0026

Mg-St 0.0045

MgZns 11.09

Fig. 2o Al AIEe & Ao st 24 =
do 93] A4 He AEE v g AY g BE
vk AgolA & 7 Ald AlHe HY JAER
Fe sl 718 Al 79 AxE gez 1Ro
Fona 2443 Az 2d S SiCyel
e AU Sug UE 2y sRor sy
AHAH] AREE pis/pm=pos/ptn 2 FEF
THEE YeE 2 ok

o] BlmoA & F UFo] 20% SiC,/ 6061 Al A]
HE Astd o8 Sz 4% A= 6 % ol
2 A2 #F dAsta Uk 20% SiC,/6061 Al Al
Ho B¢ o8 dSFEH HEY e 2 HolE Hol
£, 2 olf o AlHe] 7B Al &3l vlde
AYAA & 43 dPEL £geta 9on &

Ao 278 REE F57 SFEL uHIA] @i
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Nondestructive Determination of Reinforcement Volume
Fractions in Particulate Composites : Eddy Current Method

Hyunjo Jeong
School of Mechanical Engineering, Pusan National University, Pusan 609-735

Abstract A nondestructive evaluation technique was developed for the quantitative determination of the
reinforcement volume fractions in particulate reinforced metal matrix composites. The proposed technique
employed a composite micromechanics which accounts for the microstructure of the composite medium
together with the measurement of anisotropic electrical conductivity. When the measured conductivity was
coupled with the theoretically predicted conductivity, the unknown reinforcement volume fraction was
calculated. An analytical model based on the Mori-Tanaka method was described which relates the NDE
signatures to the composite microstructure. The volume fractions were calculated using eddy current
measurements made on a wide range of silicon carbide particulate (SiC,) reinforced aluminum (Al) matrix
composites. The calculated SiC, volume fractions were in good agreement with the measured volume
fractions in the range of 0-30%. The technique was also found to be effective in estimating the total

volume percentage of reinforcement and intermetallic compound formed during the processing stage.
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